We present new near infrared spectroscopic measurements of the Hβ region for a sample of 29 luminous high redshift quasars. We have measured the width of Hβ in those sources, and added archival Hβ width measurements, to create a sample of 92 active galactic nuclei (AGNs) for which Hβ width and rest-frame UV measurements of N V λ1240 and C IV λ1549 emission-lines are available. Our sample spans six orders of magnitude in luminosity and includes 31 radio-loud AGNs. It also includes 10 narrow-line Seyfert 1 galaxies and one broad absorption-line quasar. We find that metallicity, indicated by the N V/C IV line ratio, is primarily correlated with accretion rate, which is a function of luminosity and Hβ line-width. This may imply an intimate relation between starburst, responsible for the metal enrichment of the nuclear gas, and AGN fueling, represented by the accretion rate. The correlation of metallicity with luminosity, or black hole (BH) mass, is weaker in contrast with recent results which were based on measurements of the width of C IV. We argue that using C IV as a proxy to Hβ in estimating M BH might be problematic and lead to spurious BH mass and accretion rate estimates in individual sources. We discuss the potential implications of our new result in the framework of the starburst-AGN connection and theories of BH growth.
INTRODUCTION
The determination of chemical abundances in active galactic nuclei (AGNs) provides a powerful tool to probe star forming activity in galactic nuclei at present, and in the early Universe. Early metal abundance studies in AGNs utilized weak and broad intercombination lines, such as N III] λ1750, N IV] λ1486, and O III] λ1663, to determine metal abundances in the broad-line region (BLR) gas (Shields 1976) . These early studies have found that BLR metallicity is about solar, with some luminous quasars reaching super-solar values. Hamann & Ferland (1993; hereafter HF93) found that emission-line ratios, such as N V λ1240/C IV λ1549 (hereafter N V/C IV) can trace the BLR metallicity across a wide range of luminosity and BLR density (see also Hamann et al. 2002 for a more detailed model). HF93 also found that BLR metallicity, determined in this way, correlates with luminosity, in what they proposed as the metallicity-luminosity (Z − L) relationship in AGNs. Given the well known relationship between AGN luminosity and black hole (BH) mass (M BH ), HF93 suggested that the Z − L relationship can naturally lead to a Z − M BH dependence, in analogy with the massmetallicity relation observed in some elliptical galaxies (e.g., Trager et al. 2000) . Shemmer & Netzer (2002; hereafter SN02) have shown that once narrow-line Seyfert 1 galaxies (NLS1s) are introduced to the Z − L diagram, they deviate significantly from the Z − L relation by exhibiting high N V/C IV at low luminosity. A possi- 3 Istituto Nazionale di Astrofisica, Centro Galileo Galilei, and Telescopio Nazionale Galileo, P.O. Box 565, E-38700 Santa Cruz de la Palma, Spain; oliva@tng.iac.es 4 Anglo-Australian Observatory, PO Box 296, Epping, NSW 1710, Australia; scroom@aaoepp.aao.gov.au ble explanation is that N V/C IV is not an adequate metallicity indicator for NLS1s (and perhaps other AGNs). Otherwise, this implies that at least at low-luminosity, the Z − L relation is more complex and cannot be a simple two-parameter dependence. According to SN02, BLR metallicity also depends on the width of Hβ, which is perhaps the best accretion rate (in terms of the Eddington ratio: L Bol /L Edd ) indicator, and that this dependence may prevail also at the high-luminosity end. To test this hypothesis, we observed the near infrared (IR) spectrum of a sample of 29 luminous 2 < z < 3.5 quasars, with available N V/C IV data, in order to measure the width of their Hβ lines, and thus deduce the accretion rate in these sources.
This paper is part of a two-paper project describing near-IR spectroscopic measurements of luminous high-redshift quasars aimed at estimating L Bol /L Edd and measuring the emission line properties in such objects. In this (first) paper we describe the quasars' selection, their observations and data reduction ( § 2). A description of the data analysis is given in § 3. In § 4 we summarize our main results concerning the broad emission lines, and in § 5 we discuss their potential implications. A summary of our main conclusions is given in § 6. A following paper (Netzer et al. 2004 ; hereafter Paper II) addresses the complementary issue of the [O III] and Fe II lines in those sources.
SAMPLE SELECTION, OBSERVATIONS, AND DATA REDUCTION
We have selected a sample of 29 luminous quasars for our study upon the following criteria:
1. Luminous (L > ∼ 10 46 erg s −1 ) sources with expected H magnitudes < ∼ 17 to allow high-S/N spectra on medium size telescopes.
2. Each source has an archived or published rest-frame UV spectrum that includes the N V and C IV emission lines, which are not subject to severe absorption. c Magnitudes in bold face are 2MASS measurements, while others were obtained by photometric measurements using field comparison stars, whose magnitudes were taken from the 2MASS archive. Six sources do not have 2MASS magnitudes (or H images with comparison stars having 2MASS magnitudes), and their rest-frame optical fluxes were obtained from extrapolation of the rest-frame λ1450 flux.
d Radio loud quasar.
3. Hβ is located in the observable IR bands, where it is least affected by atmospheric absorption.
According to these criteria all of our quasars lie in a 2 < z < 3.5 redshift range, with Hβ located in either the H or K bands. Observations were done at the Anglo-Australian Telescope (AAT) in Australia and at Telescopio Nazionale Galileo (TNG) in Spain. An observations log and quasar details appear in Table 1 .
The observations at TNG were done with the Near Infrared Camera Spectrometer (NICS). Eight quasars were observed with a 1 ′′ -wide slit, and eleven with a 0.5 ′′ -wide slit. During the observations the telescope was nodded along the slit and each spectrum was taken at 2-6 different positions along the spatial axis in order to perform the primary background subtraction. We used the HK grism to obtain the 1.4 − 2.5 µm wavelength range, which provides an almost uniform dispersion of 11.2 Å/pix throughout this range. This results in a resolving power of R ∼ 500 (1 ′′ slit) or R ∼ 1000 (0.5 ′′ slit), slightly increasing towards the red. Each night, spectra of one or two standard O stars were taken as close as possible in time and in airmass to the quasars to allow the removal of telluric absorption features from the quasars' spectra.
The spectroscopic observations at AAT were done with the second generation Infrared Imager & Spectrograph (IRIS2) and a 1 ′′ -wide slit. During the observations the telescope was nodded along the slit in an ABBA sequence, thus each spectrum was broken into a set of 4 frames to allow primary background subtraction. We used the Sapphire-H Grism together with an H filter to obtain the 1.54 − 1.90 µm wavelength range 5 , with a dispersion of 3.4 Å/pix, and a resolution of R ∼ 2500. Standard stars of spectral types O, B, and G were observed each night to remove telluric features from the quasars' spectra. We also used the imaging mode of IRIS2 to take H band images of our quasars. H magnitudes for the quasars were obtained by relative photometry and comparison with H magnitudes of nearby stars taken from the two micron all sky survey (2MASS) archive 6 . Seven of the quasars also had H magnitudes in the 2MASS archive. Non-systematic differences of up to ∼ 0.5 mag were found between these magnitudes and the magnitudes obtained by the relative photometry. This may be mainly due to increased photometric errors near the edge of the 2MASS detection limit. 5 Normally, this setup allows a coverage of the 1.485 − 1.781 µm range, i.e., the entire H band, however, a misplacement of the grism in the filter wheel during our run, resulted in a short wavelength cutoff. The two-dimensional spectra (quasars and standard stars) from both observatories were reduced using standard IRAF 7 routines. All spectra were pair-subtracted to remove most of the background, which is swamped by strong telluric features, such as OH emission, leaving some residuals perpendicular to the spatial axis. For each observatory we used a lamp spectrum as a flat-field image to correct each spectrum for pixelto-pixel variations. Each spectrum was fitted by a low order polynomial, and a secondary background subtraction, along the dispersion, was carried out. An extraction window of 1 ′′ (0.5 ′′ ) was used to extract each of the AAT (TNG) spectra, respectively. Wavelength calibration was achieved using Xe and Ar arc lamps. Finally, all spectra were rebinned to a common resolution of ∼ 600 km s −1 , matching the resolution of the TNG spectra taken with the 1 ′′ slit. The spectral shape of the quasars was recovered by dividing each spectrum by a spectrum of a standard star, after the stellar absorption features were carefully removed. The quasar/star ratio was then multiplied by a stellar model in the form of a black body curve, with a temperature corresponding to the star's tabulated spectral type. Some of our standard stars have spectra that appear in the library of near-IR stellar spectra of Lançon & Rocca-Volmerange (1992) . This enabled the removal of major intrinsic absorption features in our standard stars, and also allowed to compare our stellar model to the archived data. Flux calibration of the quasars was obtained by comparing synthetic H and K magnitudes of the quasars (by integrating counts across the dispersion) to the observed H magnitudes (see Table 1 ), and using the flux density of Vega as the zero-point flux.
Our flux calibration may be subject to relatively large uncertainties emerging from different atmospheric absorption between a quasar and its corresponding standard star. This uncertainty increases for the AAT spectra, as those are cutoff short of the H band blue end. For those spectra we integrated the predicted counts after extrapolating the continuum (fitted by a linear function) beyond ∼ 1.55 µm. We also used the b J magnitudes of the 2QZ quasars to check for consistency with our derived rest-frame optical fluxes, by converting those magnitudes to observed 4400Å fluxes and extrapolating them to 5100Å assuming a fiducial quasar continuum function of the form: f ν ∝ ν −0.5 . We found that our H and b J magnitudes (reflected to the observed H band) were consistent to within ±0.25 magnitudes. We note that those two magnitudes were measured at different epochs, separated by ∼ 20 years in time, thus constraining the variability amplitude of each quasar to ∼ 25% over a time scale of ∼ 6 yr in the rest-frame (although there is a scope for variability within this long period of time). Luminosities were obtained by using the following cosmological parameters: Ω Λ = 0.7, Ω m = 0.3, and H 0 = 70 km s −1 Mpc −1 . In addition to our 29 sources, we added to our sample two quasars, LBQS 0256−0019 and LBQS 0302−0000, for which rest-frame UV spectra were available from the Sloan Digital Sky Survey (SDSS; Stoughton et al. 2002) archive, and a high-quality rest-frame optical spectrum including Hβ was kindly provided by M. Dietrich (private communication; see Dietrich et al. 2002) . As a result, our high redshift sample consists of 31 luminous quasars.
Our new sample was complemented by 61 z < 2 AGNs, from the original SN02 sample, all with published Hβ data. Altogether this sample comprises 92 sources, including 10 NLS1s, with N V, C IV, and Hβ information. One of our sources is a broad absorption line quasar ([HB89] 1246 − 057), based on its UV spectrum, and 31 of our sources (8 at 2 < z < 3.5, and the rest at low-z including one NLS1) were identified as being radio loud quasars (RLQ), following the discrimination between RLQ and radio quiet quasars (Kellerman et al. 1989) , and using optical and radio fluxes from Veron-Cetty & Veron (2003) .
3. MEASUREMENTS AND DATA ANALYSIS 3.1. Hβ width The Hβ region in the final spectra was fitted with a model consisting of a linear continuum, the Boroson & Green (1992) Fe II emission template, and a multi-Gaussian fit to the emission lines. We also fitted the Hα region in the TNG spec- tra (where present) in the same way, but these data are left out of the current analysis. In the first step we fitted a linear continuum and one Gaussian to Hβ to get a rough estimate of its full width at half maximum (FWHM). The next step was to broaden the Fe II emission template by convolving it with a Gaussian whose width was identical to FWHM(Hβ). We then fitted the spectrum with a linear continuum, the broadened Fe II template, shifted in flux by a scaling factor, and multi-Gaussian components for the emission lines. Two Gaussians with differing widths were assigned to Hβ and two Gaussians with identical widths were assigned to the two lines. We estimated the uncertainty on the width of the lines by slightly shifting the parameters from their best-fit values and marking the most extreme values that would still represent a reasonable fit to the Hβ complex. In almost all of the cases, those uncertainties were smaller than the instrumental resolution (∼ 600 km s −1 ) for the TNG and AAT spectra, with UM 645, [HB89] 2254+024, 2QZ J002830.4−281706, and 2QZ J231456.8−280302 being the only exceptions (see Figures 1-3) .
We have also obtained direct measures of the fluxes and FWHMs of Hβ and [O III], by integrating across the Fe IIsubtracted features, for the flux measurements, and by taking the width at half the peak value for each Fe II-subtracted feature, in the FWHM measurements. Both types of measurements, the best-fit value, and the 'direct' feature method, appear in Table 2 , and in Paper II. The difference between both methods can be regarded as an estimate of the uncertainty on those measurements, although these are not pure statistical errors. This paper presents the Hβ line width for our sources. Other line properties, and in particular those of [O III] and Fe II, are discussed in Paper II.
It is expected that each Hβ profile in our 2 < z < 3.5 sample is a blend of a narrow component, emitted from the narrow- Forster et al. (2001) . 4. SDSS first data release (Abazajian et al. 2003) . 5. Osmer & Smith (1977) . 6. Baldwin, Wampler, & Gaskell (1989) . 7. SDSS early data release (Stoughton et al. 2002) . 8. Baldwin & Netzer (1978) .
line region (NLR), and a broad BLR component, that we will use to determine M BH . Resolving each of those two physical components can be done if there is an obvious NLR spike in the Hβ profile, as is the case for several broad-line Seyfert 1 galaxies (BLS1s). In cases where a narrow spike is undetected, the NLR contribution to the Hβ emission can in principal be estimated by taking FWHM([O III] λ5007) as its width, and its flux as a certain fraction of the [O III] λ5007 flux. This method is highly model-dependent, and in many of our sources we do not detect [O III] emission at all (see Paper II). The two Gaussians we fit to Hβ do not attempt to recover the physical NLR and BLR components, but merely to represent a fit to the entire profile. In luminous AGNs the NLR-to-BLR flux ratio, at least in the UV lines, is of the order of a few percent (e.g., Wills et al. 1993) , resulting in a negligible NLR contribution to the line flux. Since we also do not detect a significant NLR spike in any of our Hβ profiles, we assume that the observed line represents entirely the BLR contribution.
We have also obtained another measure of line-width, based on the entire emission line flux, regardless of the profile. This is the inter-percentile velocity (IPV) width, which we have used for measuring the difference between wavelengths corresponding to 25% and 75% of the integrated emission line flux across the entire line profile, starting with the continuum on the blue side and ending with the continuum on the red side of the line. Both the FWHM and IPV methods have their own merits, although it is still not clear which gives the closest estimate of the BLR velocity width (see Corbett et al. 2003 and references therein). In most cases, the IPV widths of Hβ are somewhat narrower than the corresponding FWHM (by ∼ 15%; for a Gaussian profile the IPV width should be ∼ 43% narrower than the corresponding FWHM), although both methods give consistent line-widths within the uncertainties discussed above. 
Luminosity, BH mass, and accretion rate
We have derived monochromatic luminosities for our entire AGN sample at the rest-frame 5100Å band using our new IR observations, and data from the literature, and compared them with the monochromatic luminosities at the rest-frame 1450Å band obtained from the literature, and from the archives of the SDSS, and the 2dF quasar redshift survey (2QZ; Croom et al. 2004 ). For ten sources we could not find 5100Å fluxes, including six sources from our high-z sample (see Table 1 ). In those cases we obtained the 5100Å luminosity by extrapolating from 1450Å fluxes and assuming (as explained in § 2) a continuum function of the form: f ν ∝ ν −0.5 . Figure 4 shows this comparison, along with two lines, indicating a 1:1 correspondence, and a 1: 5100/1450 representing the expected ratio between the 1450Å and the 5100Å bands for a f ν ∝ ν −α continuum with α = 0.5. Most AGNs lie in between the two lines indicating perhaps a somewhat redder (α > 0.5) continuum for our sample. We also note that most RLQs in our sample are slightly redder than the radio quiet objects, consistent with the steep continuum slopes in RLQs found by Netzer et al. (1995) . Since the luminosities in both bands are highly correlated, and in order to avoid complications due to intrinsic reddening, we prefer to use the 5100Å luminosities 8 over the 1450Å luminosities in determining BH masses and accretion rates in our entire sample.
Black hole masses and accretion rates were determined by the single-epoch mass determination method (Vestergaard 2002) , which is based on the Kaspi et al. (2000, hereafter K00) R BLR − λL λ (5100) correlation, where λL λ (5100) is the monochromatic luminosity at 5100 Å. In this method the BLR size is estimated from the measured λL λ (5100) and the mass estimates follows from assuming Keplerian motion of the Hβ emitting gas. The scaling used here is based on a re-analysis of the K00 measurements (Peterson et al. 2004; Kaspi et al., in preparation) that gives R BLR ∝ λL λ (5100) 0.6 with a somewhat different size scaling factor. It also uses a somewhat different mass scaling factor that multiplies the FWHM(Hβ) term in the mass determination equation (see K00). The result, M BH = 6.2 × 10 6 λL λ (5100) 10 44 erg s −1 0.6 FWHM(Hβ)
(1) gives slightly larger masses compared with K00 and Netzer (2003) 9 . We then convert the observed luminosity and the deduced masses to accretion rates, represented by L Bol /L Edd , by assuming L Bol = 7 × λL λ (5100). The factor 7 is in the middle of the range (5-9) representing observed and theoretically deduced spectral energy distributions (SEDs; see Netzer 2003) . The result is Table 2 and discussed in § 3.1, with the small (∼ 25%) uncertainty on the luminosity, we obtain typical uncertainties on M BH and on L/L Edd , which are not larger than a factor of two, and therefore do not affect our main results as outlined below. A similar determination of M BH , and L/L Edd was applied to LBQS 0256−0019, LBQS 0302−0000, and 61 sources from the SN02 sample. It is worth noting at this point that, within our new (albeit small) sample of luminous high-z quasars, there is no clear relation between M BH and radio loudness (see Tables 1 & 2) , as was previously suggested in several studies, e.g., Franceschini, Vercellone, & Fabian (1998) , and it is therefore consistent with the results of Woo & Urry (2002) . Fig. 4 . A strong metallicity-accretion rate correlation for all AGNs is apparent, and most NLS1s are found in the same region of parameter space that is shared by the high-z quasars. Note that the location of Mrk 766 (the NLS1 with the lowest accretion rate in this diagram) may be affected by strong intrinsic reddening (see text).
BLR metallicity
Following HF93, we use N V/C IV as the BLR metallicity indicator for our sample. This line ratio is easier to measure than most other emission lines in a typical spectrum, and was considered by Hamann et al. (2002) as a robust indicator since it minimizes non-abundance effects, such as temperature, and SED. About half of our quasars have rest-frame UV data available in the literature, and we complemented these data with measurements of N V and C IV for the rest of the sample, which are mostly recently detected quasars. Rest-frame UV spectra of those sources were obtained from the SDSS and 2QZ archives. The standard SDSS data allows reasonably accurate flux calibration and SED determination. The shape of the non-flux calibrated 2QZ spectra is more problematic and was obtained by dividing each spectrum by a quadratic, which provides a reasonable estimate to the spectral response function of the 2dF (Folkes et al. 1999) . Each SDSS and 2QZ spectrum was fitted with a power-law continuum, and two Gaussians for the C IV emission line. The C IV profile was then used as a template for all other rest-frame UV emission lines, and in particular N V. We list N V/C IVmeasurements for our 29 2 < z < 3.5 quasars in Table 2 . The uncertainties on the measurement of this ratio vary between ∼ 10% for the high-quality spectra and ∼ 30% for the poorer quality ones (see also SN02).
RESULTS

A new metallicity-accretion rate relationship in AGNs
In Figure 5 we plot N V/C IV vs. (a) λL λ (5100), and (b) M BH for our sample of 92 AGN. One can see that the Z − L, and Z − M BH relations show considerable scatter, mainly due to the NLS1s which have low BH masses and luminosities. The first of those relations has been shown and discussed by SN02 for a slightly larger sample. The scatter is significantly reduced once metallicity is plotted against accretion rate as shown in Fig. 6 . In this case, all AGNs follow a strong metallicity-accretion rate (N V/C IV -L/L Edd ; hereafter Z − L/L Edd ) correlation with NLS1s being no exception. Table 3 lists the Spearman rank correlation coefficients (r S ) and the chance probabilities (P) for each of the three relations. We also tested the correlations by removing the 10 NLS1s from the sample. As can be seen from Table 3 , this increases r S considerably in the Z − L and Z − M BH cases, but their removal from the Z − L/L Edd diagram leaves r S almost unchanged. We note that formally, both the Z − L and the Z − M BH correlations are significant (P ≪ 0.01). This represents the fact that our sample contains only 10 NLS1s, out of 92 sources, (representing well their fraction in the AGN population). However, this sub-group clearly lies away from the general trend in Figures 5a & 5b emphasizing the fact that they do not share the same properties with other low luminosity/M BH AGNs.
To summarize, our results indicate that the N V/C IV line ratio is correlated primarily with L/L Edd and not with lumi- nosity or BH mass. It is the combination of luminosity and line-width (i.e., the accretion rate) that makes all the AGNs in our sample, including NLS1s, follow the same trend. We caution that our entire sample of 92 AGNs is neither complete nor fully representative of the AGN population as a whole, and that our main result may be subject to selection biases over the wide range of AGN properties, that were not fully explored in this work.
FWHM(Hβ) vs. FWHM(C IV) as accretion rate indicators
Reverberation BH masses were so far determined for 35 AGNs using Hβ and the monochromatic luminosity at 5100Å (K00, Peterson et al. 2004) , to set the empirical R − L relation on which all M BH estimates are made. For three AGNs, reverberation masses were also determined using C IV (Peterson & Wandel 2000) , and were consistent with the masses obtained from Hβ. Vestergaard (2002) suggested that C IV can be used as a 'proxy' to Hβ and replace it as the reverberation M BH indicator. It is expected that the BLR components of both lines will satisfy FWHM(C IV)/FWHM(Hβ) ≃ √ 2, based on reverberation studies of both lines that show a smaller mean emission distance for C IV (Peterson & Wandel 2000) .
We have measurements of both Hβ and C IV in 82 AGNs of our sample, and the width of one line vs. the width of the other is plotted in Fig. 7 . One can clearly see that the widths of both lines do not follow a 1:1 correspondence nor a 1: √ 2 dependence. In particular, NLS1s with narrow Hβ lines show FWHM(C IV) which is not different than those of 'normal' BLS1s, a fact that was first noted by Rodriguez-Pascual et al. (1997) . Broad C IV in NLS1s, and in other AGNs, has been attributed to high velocity gas outflowing from the center rendering a broad and blueshifted tail to this line (e.g., Leighly 2000) .
To demonstrate the influence of FWHM(C IV) on NLS1 M BH estimates, we compared the Vestergaard (2002) singleepoch M BH estimated from the UV spectrum with the reverberation M BH from K00, directly measured from the Hβ width, for four NLS1s. We find that, on average, the M BH UV estimates are larger by a factor of ∼ 3 than the M BH measured by optical reverberation mapping. Hence, M BH calculated from C IV, at least for NLS1s, may be systematically higher than M BH estimates using Hβ. An opposite behavior is also apparent in Fig. 7 , namely narrow C IV for broad Hβ.
To further illustrate the problematic use of C IV for individual sources, we recalculated the BH mass and accretion rate, this time using the width of C IV, together with the Vestergaard (2002) R BLR − L relation. Figure 8 plots N V/C IV vs. accretion rate, and Table 3 lists the corresponding Spearman rank correlation coefficients. By inspection of Fig. 8 and Table 3 it is apparent that the correlation between the accretion rate calculated from the C IV width, and N V/C IV, is much weaker compared with the accretion rate calculated from Hβ, and that the Z − L/L Edd now has much more scatter. This result may also explain the lack of a Z − L/L Edd correlation in Warner, Hamann, & Dietrich (2004) .
DISCUSSION
The main result presented in this paper is a strong correlation between metallicity (á la HF93) and accretion rate in a sample of 92 AGNs spanning a broad range of AGN luminosity (∼ 10 42 − 10 48 erg s −1 ), line-width, and radio loudness. We also confirm the earlier SN02 finding that AGN samples that include NLS1s do not show a clear Z − L correlation. The new relationship, although supported by a strong correlation, is not free of scatter, and the effects of other physical properties are still unknown. In this section we discuss potential sources for intrinsic scatter in the Z − L/L Edd diagram as well as potential caveats in the derivation of BLR metallicity and accretion rate. We also comment on the potential implications of our new result on metal enrichment and BH growth scenarios in galactic nuclei, and on the starburst-AGN connection.
How accurate is the BH mass determination at high
luminosity? Our estimate of BH mass, and hence accretion rate, rely on the K00 relationship applied to a sample of 34 AGNs with BH masses measured via reverberation mapping and modified, slightly, in Kaspi et al., in preparation. That relationship is limited by the small number of sources, the luminosity range (∼ 10 42 − 10 45 ), the assumed constant SED, and perhaps other AGN properties. Mass estimates for sources beyond this luminosity range are therefore uncertain. Such extrapolations lead to BH masses exceeding 10 10 M ⊙ in this work and in Netzer (2003) . Hence, if we have somewhat overestimated M BH in our luminous AGN sample, then the accretion rate must have been underestimated. This will move luminous quasars to the right hand side of Fig. 6 and will produce an even stronger Z − L/L Edd correlation. However, a very different L − M BH relationship at high luminosity may introduce more scatter into some of the correlations presented here.
Is N V/C IV an adequate metallicity indicator for all
AGNs? Using a grid of photoionization calculations, performed with the locally optimally emitting cloud model (LOC; e.g., Baldwin et al. 1995) , Hamann et al. (2002) found that N V/C IV can trace the BLR gas metallicity, and it only weakly depends on the chosen SED and density. Our new results show that N V/C IV depends primarily on L/L Edd , but it is not yet clear whether high N V/C IV is indeed indicative of high metallicities. In particular, it is crucial to compare the observations of this line ratio to those of the model-independent weak-lines proposed by Shields (1976) . Our investigation of this issue is beyond the scope of this work (see also Dietrich et al. 2003) .
Part of the scatter in the Z − L/L Edd diagram may be contributed by the yet unknown effect of BLR density on the way BLR metallicity is derived. The problem has been mentioned by HF93, but the observational verification is still missing. It is reasonable to assume that high metal contents are associated with high densities in the nuclear region which are indicators of recent star formation. In particular, NLS1s which have high ratios of N V/C IV, are also known to have high BLR densities, derived from the Si III] λ1892/C III] λ1909 density-sensitive line ratio (e.g., Wills et al. 1999) . We have measured this line ratio in our sample (available for about half of our sources), and found no clear trend with either metallicity or accretion rate. The two emission lines used for this ratio, which are fairly close to each other, are hard to measure and to deblend. Therefore the potential effect of the BLR density remains unclear at this stage.
The continuum SED may also affect the way N V/C IV depends on BLR metallicity. It is not yet clear whether the SED depends on luminosity, or perhaps the accretion rate, but if the SED in high accretion rate sources is significantly different from the ones used by Hamann et al. (2002) to calculate N V/C IV, then it may cause some deviation from the canonical Z − L dependence. In particular, NLS1s appear to have SEDs which are somewhat different from 'standard' AGN SEDs (e.g., Romano et al. 2004) , and related perhaps to the putative (hotter) slim accretion disk (e.g., Wang & Netzer 2003) . As explained in § 3.2, a different SED may also affect our derived L/L Edd .
A viable model of AGN evolution is that they start off with high accretion rates, when fuel supply is abundant, and gradually move towards lower accretion rates as the fuel supply dwindles. If the metal content of the gas does not change as a consequence of the fuel shortage, one can expect an AGN to move horizontally, from right to left, across the Z − L/L Edd diagram (Fig. 6) , as a function of time. In other words, similar metallicities may be observed for a range of accretion rates. The dependence on age may be further complicated by the AGN duty cycle (assumed to be ∼ 10 7 − 10 8 yr), as we do not know the number of cycles each AGN in our sample has gone through. If metal enrichment is strongly related to AGN fueling, then a number of active episodes may contribute to metal enrichment provided the metal rich gas is not being depleted or blown out of the nucleus. This can lead to a Z − L/L Edd dependence which is more complicated than assumed here.
Intrinsic reddening
Intrinsic reddening may affect the location of an AGN on the Z − L/L Edd diagram, by moving it diagonally towards the lower left corner in Fig. 6 , due to weaker N V with respect to C IV and lower luminosity. Correcting for intrinsic reddening is problematic, and requires a broader spectral range to compare suitable line ratios (e.g., Crenshaw et al. 2002) . We did not attempt to correct the data for intrinsic reddening but note that in the case of NLS1s, such a correction may be necessary, since these objects are suspected to possess large amounts of dust and gas (e.g., Crenshaw, Kraemer, & Gabel 2003) . We note that at least one NLS1 in our sample (Mrk 766) may be strongly affected by intrinsic reddening, which might explain its location in Fig. 6 , away from the rest of the NLS1 population.
Metal enrichment and BH growth in galactic centers
If N V/C IV is an adequate BLR metallicity indicator, then our Z − L/L Edd correlation may have important implications for the understanding of BH growth in galactic nuclei as well as for the starburst-AGN connection. We find that luminous quasars at high-redshift, as well as NLS1s in the nearby Universe, may be experiencing (or have recently experienced) a vigorous star-forming episode, and their BHs are in the stage of rapid growth. In this sense, the NLS1s in our sample may be in the early stages of their (current) activity, i.e., relatively 'young' systems, as suggested by Mathur (2000) . All the high-z quasars in our sample also exhibit high accretion rates and high metallicities and may be in a similar evolutionary stage. These sources are thus the high luminosity analogs of NLS1s and should, perhaps, be referred to as narrow-line type 1 quasars (NLQ1s). However, our sample does not contain faint quasars at large distances and those must be added to the sample to test this idea. In particular, our new Z − L/L Edd relationship may be affected by a potential selection effect against low accretion rate AGNs at high-z, if such sources are found to be metal-rich. Our new result is consistent with a scenario in which there is an intimate relation between AGN fueling, manifested by accretion rate, and starburst, responsible for the metal-enrichment. An obvious avenue to proceed is to search for other evidence of recent star formation in our high-z sample using IR, mm, and sub-mm observations.
CONCLUSIONS
We present new near-IR spectroscopic measurements of the Hβ region for a sample of 29 luminous 2 < z < 3.5 quasars. This sample is augmented with measurements of other AGNs (92 AGNs in total) for which spectroscopic data of the restframe UV band as well as the Hβ region are available. We show that BLR metallicity, indicated by N V/C IV, is primarily correlated with the accretion rate, indicated by luminosity and FWHM(Hβ). We also show that using C IV as a proxy to Hβ may be problematic and can lead to spurious BH mass estimates. The potential implications of our new result to the starburst-AGN connection and to AGN fueling are briefly discussed.
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